Background Cigarette smoking is thought to increase the risk of Crohn's disease (CD) and exacerbate the disease course, with opposite roles in ulcerative colitis (UC). However, these findings are from Western populations, and the association between smoking and inflammatory bowel disease (IBD) has not been well studied in Asia. Aims We aimed to compare the prevalence of smoking at diagnosis between IBD cases and controls recruited in China, India, and the USA, and to investigate the impact of smoking on disease outcomes. Methods We recruited IBD cases and controls between 2014 and 2018. All participants completed a questionnaire about demographic characteristics, environmental risk factors and IBD history. Results We recruited 337 participants from China, 194 from India, and 645 from the USA. In China, CD cases were less likely than controls to be current smokers (adjusted odds ratio [95% CI] 0.4 [0.2-0.9]). There was no association between current or former smoking and CD in the USA. In China and the USA, UC cases were more likely to be former smokers than controls .8]; USA 1.8 [1.0-3.3]). In India, both CD and UC had similar current smoking status to controls at diagnosis. Current smoking at diagnosis was significantly associated with greater use of immunosuppressants (4.4 [1.1-18.1]) in CD cases in China. Conclusions We found heterogeneity in the associations of smoking and IBD risk and outcomes between China, India, and the USA. Further study with more adequate sample size and more uniform definition of smoking status is warranted.
Introduction
The chronic intestinal disorder inflammatory bowel disease (IBD) includes Crohn's disease (CD) and ulcerative colitis (UC) [1] , which are characterized by alternating active and remission phases [2] . The incidence of CD and UC increased during the twentieth century. The highest incidence of IBD is in Western countries such as North America, Northern Europe, and Australia, with CD incidence ranging from 10.6 to 29.3 per 100,000 person-years and UC incidence ranging from 17.4 to 24.3 per 100,000 person-years in 1998-2010 [3] . In comparison, population-based incidence data were not available in Asia until the 1970s, reflecting an "emerging" disease pattern in Asia [4, 5] . In Singapore [4, 5] , Hong Kong [6] , Japan [7] , and South Korea [8] , where population-based statistics are available, the CD incidence rates per 100,000 person-years have increased from 0.04-0. Differences in temporal trends in IBD incidence between Asian and Western populations might suggest potential differences in the etiology of IBD between these two populations. Previous studies found that differences in genetic presence or effect of genetic risk variants might have played a different role in the pathogenesis of IBD between the two populations. For example, NOD2/CARD15 loss of function mutations have been found in population-based studies to Rupa Banerjee and Susan M. Hutfless have contributed equally to this work.
3
account for up to 27% of population-attributable risk for CD among Caucasians [9] [10] [11] , whereas in Asians, established NOD2 risk alleles were absent in the largest study [12] . There is also a significant difference in the prevalence of IBD family history among IBD patients. The prevalence of having any family history of IBD was reported to be 8-40% among Western IBD patients [13] [14] [15] , but only 0-4% among Asian IBD population [6, [15] [16] [17] . Environmental risk factors including smoking, appendectomy, hygiene, infections, antibiotics, other medications, diet, and other lifestyle factors have been studied in the Western population, but have been studied to a much more limited extent in Asian IBD patients [18] . The increasing incidence of IBD around the globe, especially in historically less prevalent regions, makes it important to compare the influence of environmental factors in different populations.
Cigarette smoking has been described as having discordant roles in CD and UC based on numerous observational studies since the late 1970s and early 1980s. In 1978, Mayberry et al. [19] reported that CD patients were more likely to smoke on or after diagnosis than controls. In contrast, UC patients were less likely to be current smokers and more likely to be former smokers on or after diagnosis compared with controls, as first reported by Harries et al. [20] . The 2014 United States Surgeon General's Report on Smoking gave a causality assessment between smoking and IBD as suggestive but not sufficient [21] . This assessment was based on 53 studies of CD versus controls (RR = 1.6 [1.5-1.8]) and 61 studies of UC (RR = 0.54 [0.45-0.70]). Some inconsistency was seen when restricting to the 14 Asian studies where the researchers reported that both CD and UC cases were less likely to be current smokers than controls (CD: RR = 0.8 [0.6-1.1], N studies = 8; UC: RR = 0.4 [0. 3-0.6] , N studies = 13).
Our hypothesis was that differences might exist in the association of smoking and IBD between Asian and Western populations. To address this hypothesis, we targeted two specific goals. The first was to compare the prevalence of smoking at diagnosis between CD and UC cases and controls recruited in China, India, and the USA. The second was to investigate the impact of smoking on disease outcomes of CD and UC among the three populations, including medications and IBD-related surgeries.
Materials and Methods

Study Population
We conducted a case-control study among participants in China, India, and the USA. We recruited CD and UC cases and their friend or family controls from one source in China, one source in India, and three sources in the USA. In China, cases were diagnosed by gastroenterologists at the IBD clinic of the Sixth Affiliated Hospital of Sun Yat-sen University in Guangdong Province. The clinic was established in 2012. In India, cases were seen by gastroenterologists at the IBD clinic of Asian Institute of Gastroenterology in Hyderabad, established in 2004. In the USA, cases included those seen at The Johns Hopkins Hospital Meyerhoff IBD Center-affiliated gastroenterology clinics, at University of California, Irvine, and those who self-identified as CD or UC patients recruited through ResearchMatch. ResearchMatch is a disease-neutral, institution-neutral, online volunteer recruitment platform designed to match volunteers with researchers [22] . Individuals without IBD also participated in the study through ResearchMatch.
All participants completed a questionnaire administered by face-to-face interview with a healthcare professional or self-administered online (bit.ly/IBD-MIMAS) using REDCap [23] . The questionnaire inquired about demographic characteristics, smoking history, family history, IBD diagnosis, disease location, and treatment history. Participants were included in this analysis only if they completed the modules about smoking and IBD and were 18 years or older at the time of questionnaire completion. The questionnaire was presented in English for participants in India and the USA and in Mandarin for participants in China.
Assessment of Smoking Status and Quantity
Current/Former/Never
Both cases and controls self-reported the details of their active and passive smoking history. Our questionnaire asked about active smoking in several ways: a direct question "what was your smoking status at the time of CD/UC diagnosis"; start and stop year of smoking; and average packs smoked per week during different age periods (before 12 years old, 13-17, 18-25, 26-39, and 40 years or older). For cases, smoking status at IBD diagnosis was determined based on the relationship between start and stop year of smoking and the year of IBD diagnosis and categorized into current, former, and never smoker at diagnosis. In addition to start and stop year of smoking, the questionnaire directly asked cases their smoking status at the time of clinical diagnosis of IBD, at 6 months prior to diagnosis, and at the time of IBD symptom onset. For controls, smoking status was determined at the age equivalent to cases' median age of diagnosis per country, in order to make the smoking status comparable between cases and controls. The questionnaire asked whether the participant ever spent a large portion of the day with someone who smoked or used tobacco products, which we used as the indicator for ever exposure to passive smoking.
Cumulative Packs
We calculated the cumulative packs of cigarettes smoked up to the age of IBD diagnosis for cases and up to the comparable age for controls (equivalent to cases' median age of diagnosis). Based on the year of birth and the start and stop year of smoking, we were able to calculate the number of smoking years during each of the five age periods of interest, which we then multiplied by the average packs smoked per year (the reported average packs smoked per week times a factor of 52 weeks per year) during the corresponding age period to get the total number of packs smoked during that age period. We estimated the cumulative packs of cigarettes smoked by summing packs smoked during each age period up to the age of IBD diagnosis (and equivalent for controls) or the age when participant quit smoking, whichever came first. The cumulative packs were analyzed as a categorical variable containing five levels: < 0, > 0 and ≤ 200, > 200 and ≤ 400, > 400 and ≤ 1000, and > 1000 packs.
Other Tobacco-Containing Products
The questionnaire asked about ever use of tobacco products other than cigarettes, including shisha, hookah, beedi, cigars, electronic cigarette, vaping, and chewed tobacco.
Assessment of Disease Outcomes of Crohn's Disease and Ulcerative Colitis
CD and UC cases were asked questions about their disease course and treatment history. The history of surgery and medication use was evaluated for all cases based on their self-recall. Surgical history was also categorized as a binary variable depending whether or not a CD/UC case ever had any surgery for CD/UC up to the time of questionnaire. Medication history of interest included ever use of immunosuppressants (including 6-mercaptopurine/azathioprine, methotrexate, cyclosporine, and tacrolimus) and biologic therapy (including infliximab, adalimumab, certolizumabpegol, golimumab, natalizumab, vedolizumab, or ustekinumab) for both CD and UC cases.
Potential Confounding Factors
Participants self-reported sex, date of birth, date of IBD diagnosis, and IBD family history. We defined the duration of disease as the time period between IBD diagnosis and questionnaire completion. Smoking history differs between men and women, and sex is hypothesized to be associated with IBD risk and outcomes. Thus, we considered sex as a potential confounder in the association of smoking with development of CD or UC and its outcomes. Other confounders for the IBD outcomes included age at diagnosis, family history of IBD, and disease duration.
Statistical Analysis
We analyzed the association of smoking and CD and UC by country of recruitment. In the primary analysis, we included all cases and controls, regardless of the matching status. CD and UC cases were compared with all controls. We used logistic regression models to calculate unadjusted and sex adjusted odds ratios (aOR) and 95% confidence intervals (CI) to examine the association of active smoking (current, former, vs. never smoking at diagnosis), passive smoking (ever vs. never), cumulative packs of cigarettes smoked (> 0 and ≤ 200, > 200 and ≤ 400, > 400 and ≤ 1000, and > 1000 vs. 0 packs), and other tobacco-containing products with CD and UC. We examined whether sex or age (≤ 25 vs. > 25 years old at diagnosis) modified the association of smoking and CD or UC. We conducted a secondary analysis including only matched case-control pairs (case matched to their friend or family control) using conditional logistic regression. We included only cases to analyze the effect of smoking at diagnosis on CD and UC disease outcomes. We examined the impact of smoking on the need for surgery and medications such as immunosuppressants and biologic therapy, adjusting for sex, age at diagnosis, family history of IBD, and disease duration at the time of questionnaire completion. To test the robustness of the results to the assumption that country of recruitment was the most important factor to stratify by, we stratified the primary analysis by country of birth, country of residence at diagnosis, and race and the results were not qualitatively different compared with analysis by country of recruitment (data not shown). We conducted all statistical analyses with SAS ® 9.4 (SAS Institute Inc., Cary, NC, USA).
Ethical Statement
This study is approved by the Institutional Review Boards of Sun Yat-sen University, Asian Institute of Gastroenterology, Johns Hopkins University, and University of California, Irvine. Participants' completion of the questionnaire served as their consent to be in the research study.
Results
Participant Demographics
From US cases were more likely to be female, have a family history of IBD, and have a longer disease duration at the time of questionnaire than the China and India cases (Table 1) . In China and the USA, CD cases were diagnosed at a younger age than UC, whereas in India CD and UC cases had a similar median age of diagnosis.
Smoking at Diagnosis (Fig. 1 .05]). There were very few former smokers in India (0 CD, 6 UC, 0 control). In the matched case-control analysis, the effect estimates for the association between smoking and CD and UC were similar, except for wider confidence intervals due to a decrease in sample size (data not shown). When we compared the direct query of smoking at diagnosis versus the calculation based on start and stop year of smoking the results were similar.
Passive Smoking (Appendix Table 1)
Adjusting for active smoking status at diagnosis and sex, ever exposure to passive smoking was associated with lower odds of UC in the USA with borderline significance (0.7 [0.5-1.0]). There were no statistically significant associations between passive smoking and CD or UC in China or India. Table 2 
Cumulative Packs of Cigarettes (Appendix
Use of Tobacco Products Other Than Cigarettes
In China, one control reported use of shredded tobacco for water pipes. In India, 40.0% (4/10) of ever-smoking controls and 5.3% (5/94) of never-smoking controls reported use of other tobaccos, and no CD or UC cases reported using other tobacco products. In the USA, the prevalence of other tobacco products was similar among ever smokers: 21.1% (12/57) for CD cases, 21.1% (12/57) for UC cases, and 23.0% (23/100) for controls. Use of other tobacco products was rare among never smokers: 5.2% (7/135) for CD cases, 4.3% (4/94) for UC cases, and 6.4% (10/202) for controls. (Fig. 2) Current smoking at diagnosis was significantly associated with greater use of immunosuppressants (4.
Smoking and IBD Outcomes
4 [1.1-18.1]) in China among CD patients. Smoking was not significantly associated with other outcomes of CD or UC. The comparison of the association of smoking and UC outcomes between the three countries was not shown because of limited number of current and former smokers and lack of outcome events in the smoking groups in China and India. For UC cases in China, 1 of the 7 current smokers used immunosuppressants and none had surgery for IBD or biologics use; none of the 7 former smokers had surgery or immunosuppressant or biologics use.
Quitting Smoking and CD Outcomes
In China, 5 out of 13 CD cases were current smokers at the time of diagnosis quit smoking within 1 year after their diagnosis. In India and the USA, 2 out of 2 and 4 out of 38 current smokers quit smoking within 1 year after their diagnosis. In China, CD cases who quit smoking had lower rates of surgery and immunosuppressant use than those who did not quit within 1 year of diagnosis (surgery: 20 vs. 50%; immunosuppressant use: 60 vs. 75%; biologics use: 40 vs. 38%). In the USA, CD cases who quit smoking had lower rates of immunosuppressant and biologics use than those who did not quit within 1 year of diagnosis (surgery: 100 vs. 65%; immunosuppressant use: 50 vs. 56%; biologics use: 50 vs. 71%).
Discussion
There were differences in the association between smoking and IBD risk and outcomes in China, India, and the USA. In China, CD cases were less likely to be current smokers compared with controls. There was no association between current or former smoking and CD in the USA. In both China and the USA, UC cases were more likely to be former smokers than controls. In India, however, both CD and UC cases had similar smoking status at diagnosis to controls. Current smoking at diagnosis was significantly associated with greater use of immunosuppressant in CD cases in China Table 1 Demographic characteristics of inflammatory bowel disease (IBD) cases and controls by country of recruitment a The prevalence of IBD family history for controls is not listed, as it would not reflect the prevalence of family history among individuals without inflammatory bowel disease in the source or target population, due to the recruiting mechanism of the present study where cases refer their family or friend without IBD to serve as controls b All participants contributed to the main analysis. The subset of matched case-control pairs contributed to the match case-control analysis but we did not find a significant association in the USA. For UC cases, smoking did not show any significant impact on the need for immunosuppressants, biologics, and surgery. The impact of smoking on CD and UC has not been widely studied in Asia. Our findings in participants from China and India were partly similar to the association reported in the 2014 Surgeon General's Report on the Health Consequences of Smoking [21] . That report identified five Asian studies that assessed smoking on or before diagnosis and adjusted for at least one potential confounding factor and found current smoking was associated with a decreased risk of both CD and UC in China, Iran, and Japan (CD: [21] . Our findings were also partly similar to those in a case-control study published in 2015, which studied 374 incident IBD cases and 789 neighborhood controls in 8 regions in Asia, which found that former smoking was associated with an increased risk of UC in Asians (aOR [95% CI] 2.0 [1.2-3.4]), while neither current nor former smoking was significantly associated with CD [24] . Two other Chinese studies also found former smoking to be a risk factor for UC [25] . Few Asian studies have examined the impact of smoking on IBD outcomes. A Korean study of 728 CD patients found that current and former smoking at diagnosis were associated with higher risk of the initial CD-related surgery (HR [95% CI]: current 1.9 [1.1-3.1]; former 1.8 [1.0-3.2]) [26] . A study of Jewish patients (261 CD, 273 UC and 430 controls) in Israel found no association between smoking and CD, as well as higher proportion of current smokers and lower proportion of ex-smokers in UC cases compared with controls [27] . Another study of 33 CD, 54 UC, and144 controls in Israel found the presence of current smokers was lower in CD than UC and no statically significant association between smoking and IBD [28] .
We found that ever exposure to passive smoking was associated with lower odds of UC in the USA with borderline significance and no association between passive smoking and UC or CD in China and India. An Israeli study of 273 UC cases, 261 CD cases, and 430 controls also reported lack of association between passive smoking and IBD in Jewish population whereas UC patients quantitatively had less exposure to passive smoking than controls [29] .
In our study, the associations between smoking and CD and UC outcomes were not statistically significant except for higher rate of immunosuppressant use in current smoking CD cases in China. This finding was consistent with a study that includes 330 IBD patients from eight Asian countries and 83 from Australia, which also found increased use of immunosuppressants in current smokers and no association Fig. 1 Prevalence of current, former, and never smoking at diagnosis and association of smoking status with Crohn's disease and ulcerative colitis by country of recruitment. *Adjusted for sex. OR, odds ratio; NE, not estimable. The reference group of the unadjusted and adjusted ORs consisted of never smokers at diagnosis. The associations of former smoking and CD and UC were not estimable for India due to absolute absence of former smoking CD cases and controls between smoking and biologics use or surgery [30] . A recent study of 426 Indian CD patients found no association between smoking or oral tobacco use and disease outcomes [31] . A Japanese study of 520 CD cases found that current smoking was associated with greater need for surgical treatment compared with former and never smoking [32] .
Many Western studies found current smoking to increase the risk and exacerbate the disease course of CD and to have the opposite impacts on UC [18, 21, 33] . However, we did not find statistically significant association between smoking and disease outcomes of CD and UC in the USA cases. There are studies that reported findings similar to ours in Western populations. For example, two studies found no statistically significant association between smoking and the risk of CD among 173 CD cases and 208 controls recruited from the Crohn's and Colitis Foundation of America [34] and among 327 CD and 779 controls in Denmark [35] . Two large (408 and 1170 CD cases) European studies suggested a lack of association between smoking and disease location, the development of stricturing or penetrating behaviors, and the need for surgery [36, 37] . Another European study reported that smoking did not increase the risk of surgery and the prevalence of penetrating or stricturing behaviors among CD patients who were treated with immunosuppressive therapy [38, 39] . Early initiation and widespread use of immunosuppressants and biologics in our study might also obscure the impact of smoking on the need for surgery.
Differences in smoking definitions might explain the heterogeneity between our findings and some previous studies. The varying definitions of smoking have long been a concern for interpreting and comparing studies on smoking [40] . The majority of previous studies did not explicitly define controls' smoking status "at diagnosis," and instead they assessed controls' smoking status at the time of survey completion or study enrollment [21] , which were not biologically meaningful time points and lacked comparability to cases' time at diagnosis. In our study, we asked detailed questions about smoking history, such as the start and stop year of smoking, and smoking in different age periods, and therefore we were able to assess controls' smoking status at an age that was equivalent to cases' median age of Fig. 2 The prevalence of Crohn's disease outcomes among current and former smokers at diagnosis compared with never smokers, by country of recruitment. The reference for the current and former smoker groups consisted of never-smoking Crohn's disease cases (China: N = 94; USA: N = 135). Odds ratios were adjusted for sex, age at diagnosis, family history of IBD, and duration of disease at questionnaire. All outcomes were based on patient self-report at the time of the questionnaire. India not shown due to limited number of outcomes 1 3
diagnosis. This increased the comparability of the smoking status of cases and controls, which was the basis for valid comparisons.
As the first study to compare the association of smoking and IBD between specific Asian and Western countries (China, India, and USA), our study contributes to the current knowledge about the impact of smoking on the occurrence and development of IBD, especially among Asian populations. Our study has a few limitations. The collection of information on environmental exposures and disease outcomes at the same time by way of questionnaire may render the study prone to recall bias. We tried to mitigate the recall bias by asking about smoking behavior in several different ways and verifying the answers to establish internal validity. Our cases were mostly recruited from tertiary referral centers, which might raise concerns of selection bias, although in China and India, almost all IBD patients, regardless of severity, are commonly seen at regional tertiary centers, given the rarity of IBD. IBD cases in the USA on average had longer duration of disease than those in China and India. We adjusted for disease duration when studying the association between smoking and disease outcomes because longer duration is associated with worse outcomes. Our study had limited sample size, especially of China and India, thus diminishing the power to detect influences of smaller magnitude. Power-hoc power calculation based on our sample size suggested that our study had a power of 0.35 and 0.52 to detect the observed effect estimates of current smoking on CD in China and the USA.
Some controls in our study, especially those in China and India, were family members or friends of cases. This might have caused our estimation of the association between smoking and IBD to be more conservative because family and friends were more likely to have resemblance in behavior and environmental exposures. About 4.7% of CD cases and 3.3% of UC cases in the USA were recruited from ResearchMatch.org. Self-reported information was collected for cases recruited from both online and clinic; therefore, they should be comparable.
There is heterogeneity in the associations of smoking and IBD risk and outcomes between China, India, and the USA. Further study with more adequate sample size and more uniform definition of smoking status is warranted. 
